In its essentials the experimental arrangement is similar to that used in the former research; it is shown schematically in fig. 1 .
Fig. 1. General experimental arrangement.
The current from the short-circuited generator passes along the leads (1) and through the coil (2) in which the magnetic field is produced, the strength of the current being measured by means of the shunted oscillograph (3). A spark is produced by the discharge of two condensers (4), each of capacity OT/^F, charged to a potential of 30,000 V through a kenotron and a water resistance from the transformer (5); the condensers are discharged at the required moment by means of an oil switch (6), which is provided with an electromagnetic release mechanism (7). The discharge takes place through an iron-free transformer (8) whose secondary is connected in series with the spark gap, which is situated at the centre of the coil (2). In this circuit is included also a resistance (9) and a transformer (10), whose secondary is connected directly to the other coil of the oscillograph (11), which marks the time of passage of the current of the spark on the same photographic plate (12) on which is recorded the current passing through the coil (2). The spectrum is produced by means of a Hilger E 1 quartz spectrograph (13) (some of the spectra, for instance fig. 4 a (Plate 1), were, however, produced with a spectrograph with glass optical parts, made by the State Optical Institute).
The transformer (8) consists of a primary of 320 turns, wound on a glass cylinder of diameter 270 mm., and a secondary of 50 turns also wound on a glass cylinder, with oil insulation. The use of this transformer is to regulate the voltage of the spark, which was chosen to be lower than that of the condenser; with this arrangement no high tension has to be introduced into the centre of the coil. By means of the resistance (9) the current strength in the spark can be adjusted, which is very important since the current has a strong influence on the breadth of the spectral lines produced.
The whole arrangement works in the following way. The condensers are first charged, and then when the generator is short circuited through the coil by pressing a button (for the detailed description of this mechanism see Kapitza 1927), current is passed from sliding contacts connected with the special switch of the big generator, through the release mechanism (7), thus bringing the oil switch into action. The contacts are so arranged as to synchronize the action of the release mechanism with that of the big generator, so that the spark is produced at the moment at which the current through the coil has its maximum value. This synchronization is checked by the oscillogram produced on the photographic plate (12); a typical oscillo gram is shown in fig. 2 (Plate 1). The arrangement of the spark gap is shown in fig. 3 . It consists of a glass tube (1) which is inserted into the hollow of the coil (2) (shown schematically here). In some of the experiments the diameter of this tube was 10 mm. and in the others 12 mm., according to the size of the hollow of the coil used in the particular experiment. The spark takes place between the electrodes (3) and (4), one of which (4) is insulated from the other by a quartz tube which surrounds it. This whole system can be evacuated, and usually the spark is produced at a pressure of 1 mm. Hg. A small window (6) of fused quartz is placed in front of the spark gap to limit the spreading of the spark along the axis of the coil.
Measurement op the magnetic field
The magnetic field was measured by the same method as used in the previous research (Kapitza 1927)-The coil (2) was calibrated by placing inside it an accurately measured search coil, which was connected by means of a specially synchronized switch to a ballistic galvanometer at the moment of maximum current in the coil (2). By comparing the throw of the galvanometer with that produced by a standard mutual inductance, the strength of the magnetic field was determined; the current in the coil was deduced from an oscillogram, and so the constant of the coil (2) could be determined. Since the coil (2) is surrounded by a steel bandage in order to strengthen it, the magnetic field is not strictly proportional to the current in the coil, the deviation from proportionality being of the order of a few per cent. The calibration was therefore carried out for several different current strengths, and from the results the curve showing the relation between magnetic field and current was constructed. The oscillograms were measured after a fivefold magnification, produced by means of a special pantograph, one end of which was automatically guided along the curve of the oscillogram with the help of a photoelectric cell.* We estimate the accuracy of measurement of the magnetic field in the coil as from 1 to 110/ a 2 /OIn fig. 2 (Plate 1) we reproduce one of the oscillograms of the current in the coil (2), from which the values of the magnetic field at the moment of the beginning and end of the spark, as indicated by the other oscillograph, could be deduced. It can be seen from the oscillogram that the time occupied by the spark is 0-001 sec., and in this time the current through the coil did not generally change by more than 1-1}, %.
The inhomogeneity of the field in the volume in which the discharge occurs was also studied, the search coil being placed at various points along the axis of the coil. It was found that in the space between the spark gap (3) and the quartz window (6) ( fig. 3 ) the field did not vary by more than
The spectra were investigated in fields from 60,000 to 320,000 gauss.
P roduction of the spark and measurement of the SP E C T R A L L IN E S
The precision of the results of our research depends to a large extent on the possibility of producing sharp narrow spectral lines, and as in the previous work (Kapitza and Skinner 1925), we found that the most suitable method was to use the required elements not in their pure form but as impurities in some other material. Thus in our experiments the main substance of the electrodes was either copper or tungsten.
The breadth of the spectral lines was found to be extremely sensitive to the experimental conditions, a minute change of the latter being sufficient to spoil the quality of the lines quite appreciably.
An improvement in the sharpness of the lines obtained, as compared with the earlier experiments, was brought about by the larger available volume in which the spark was produced; in the previous experiments the coil diameter was only 0*4 cm., while now it was nearly three times greater. The main factor, however, in determining the sharpness of the lines was the current density: by suitable choice of the resistance (9) ( fig. 1) , the line could be considerably sharpened. Evacuation of the tube diminished the rise of pressure during the time of the discharge, and thus also increased the sharpness of the line.
In fig. 4 (Plate 1) we show, for comparison, photographs of the zinc triplet (4680, 4722 and 4811 A), the first of which was taken at the beginning of the research before the various measures described above had been taken, and the others after the experimental technique had been improved.
The breadth also depends appreciably on the strength of the magnetic field itself, apparently because the character of the spark is changed by the presence of the magnetic field. In a magnetic field, the ions of the evaporated metal can depart from the electrodes only along screw-like trajectories of very small diameter round the lines of forces of the field, and consequently their concentration is greatly increased. In this connexion it is interesting to mention that after each discharge a well-blackened spot was noticed in the centre of the window (6) ( fig. 3 ) just opposite the electrode; the formation of this spot was presumably due to the ions moving along the lines of forces settling on the quartz. After each experiment it was necessary to use a new quartz window. In a magnetic field the relative intensities of the various spectral lines were also strongly affected, especially the lines of impurities in the main metal of the electrode; the lines of some impurities, hardly noticeable without a magnetic field, sometimes became even more intense in a magnetic field than the lines of the main metal. This is illustrated by fig. 5 (Plate 2), where the spectra taken without a field, and in a field of 320,000 gauss, are superimposed on the same plate, and it will be seen for instance that the lines of the doublet Ca 2S-2P, which in the absence of a field do not appear on the plate, have a considerable intensity in the field.
The spectra of each electrode used were generally taken at various fields up to 300,000 gauss, and there was a large number of lines which had to be measured on each plate. It turned out that the best method of measuring up the plates was by means of a travelling microscope, this method giving an accuracy exceeding 0-01 mm. The measuring technique was improved by the application of Linnik's vibrating objective method (Linnik 1931) , which increases the accuracy by weakening the influence of the grain of the photographic plate. Any possible lateral displacement of the objective by the vibrations was excluded by suspending it on bronze strips which were vibrated electromagnetically. We also tried using a microphotometer but, in spite of the longer time required and the more tedious nature of the measurements, no increase in accuracy was obtained. In order to translate the microscope measurements of the splittings into wave-lengths the plate was calibrated, using for the greater part the lines investigated themselves as standards. Since linear interpolation over 30-40 A would have given an error of order 1-5 %, we introduced a dispersion correction, differentiating the dispersion formula for quartz The accuracy of our determinations of the Zeeman splitting varied from 1 to 3 % according to the breadth of the line and the strength of the magnetic field.
V erification of the proportionality of the Zeeman splitting TO T H E M A G N E T IC F IE L D
First of all we investigated the zinc line 2 3P0-2 3S1; A = 4680-20 A, which in the previous research had not shown strict proportionality between split ting and field. Using stronger magnetic fields, we discovered at once that the apparent increase of splitting in the previous experiments was caused by a neighbouring line, apparently a 4F 3-c 4D3 of copper, A = 4674-76A. In the photographs without a field this line was absent, and became observable in the photographs with a field on account of the change in the conditions of discharge. Even in a field this line was very weak, but its splitting, superimposed on one of the components of A = 4680 A, displaced the corre sponding position of maximum blackening on the plate, and caused an apparent increase of the splitting. The use of stronger fields definitely established the accidental character of the discrepancy; in fig. 4 (Plate 1) can be seen the superposition of the splitting of the zinc and copper lines in a field of 126,000 gauss.
By a suitable choice of the spark conditions we were subsequently able to eliminate the disturbing line. In fig. 46 (Plate 1) we show the splitting of the triplet in a field of 275,000 gauss; as can be seen from Tables I, II and VI, the 4680 zinc line is split proportionally to the field up to 275,000 gauss within the limits of experimental error.
The proportionality of the splitting and the field was verified also on a number of other lines; a summary of the results is given in Tables I-VII. We tried to investigate as large as possible a variety of spectral terms, but were limited by the optical aperture of the spectrograph and the sensitivity of the plates. High terms, having a complicated splitting, could not be sufficiently accurately studied, owing to the limited resolving power of the spectrograph, so we had to confine ourselves to the first lines of the principal and sharp series. Each of the tables refers to a separate photograph, and we have chosen seven of the most characteristic. From the experimental splitting (ZlA) the magnetic field was deduced in each case by means of the theoretical formula
ZlA =
A (mg) A 2 = 4-69 x 10-5A2, in A,
where A (mg) is the difference of the mg values for the levels which give rise to the displaced component, and is known as the splitting type. It will be seen that the magnetic field deduced in this way agrees fairly well with the field deduced from the oscillogram, so that the theory, and in particular the law of proportionality to the magnetic field, is confirmed up to the strongest field we were able to use. It will be noticed on more detailed examination of the tables that the splitting of the lines is systematically slightly less than could be expected from the accuracy of measurement of the magnetic field: thus the magnetic field deduced from the splitting is usually 2-3 % less than that deduced from the oscillograms. Probably the discrepancy is due to the fact that all the experimental errors tend to diminish the measured splitting below its true value. Firstly, each of the components has a diffuse tail, which, super imposed on the corresponding opposite component, slightly displaces the position of maximum blackening towards the centre; this error, however, is not large. A more serious error is caused by the fact that the spark in our discharge tube is limited only in the forward direction. Part of the excited atoms falling into the back part of the tube, farthest removed from the window, may radiate already in a region of weaker magnetic fields. The radiation of these atoms, though weak in intensity, causes a spreading of the split lines towards the centre of the pattern and thus causes an apparent reduction of the splitting.
Since various atoms will be distributed with varying concentration in the discharge gap of our tube, according to their ionizations, quantities and temperatures, the apparent diminution of the splitting should be different for the various spectral fines, and this can also be seen from the tables.
It should be noticed that in the doublets and triplets investigated the Paschen-Back effect is still of negligible influence, causing departure from proportionality much less than the errors of measurement.
In this way we can conclude from our experiments that the fundamental laws of the Zeeman splitting are perfectly valid for the spectral terms investigated in magnetic fields up to 320,000 gauss.
Further, we investigated whether there was any displacement of the centre of gravity of the splitting pattern in a strong magnetic field, by superimposing on the same plate exposures in the absence of a field and in a field of 320,000 gauss. The results of such double exposures are shown in fig. 5 (Plate 2); it will be seen that the split fines fie exactly symmetrically about the fine obtained in the absence of a field. Accurate measurements showed that there was no common displacement greater than 0-01 mm., so that our experiments confirm that the centre of gravity of the pattern is not displaced by a strong magnetic field, in accordance with theory.
The P aschen-Back effect
In order to trace the development of the Paschen-Back effect and to verify the theory of this effect* we examined the beryllium doublet, Be i i , principal series A = 3131-32 and 3131-97 A. In our magnetic fields the splitting of this fine was as great as 5-5 A, which considerably exceeds the natural splitting of the level (0-65 A), so that the conditions were suitable for the occurrence of the Paschen-Back effect.
This doublet was easily obtained by using electrodes of ordinary beryllium copper. The exposures were made at various field strengths and are repro
* For theory and experiments see for instance Bethe (1933).
duced in fig. 6 (Plate 2) . Since the doublet occurs close to the already investigated copper doublet, we could check the magnetic field by the splitting of the copper lines which are adjacent to the beryllium lines.
We were able to trace clearly all the stages of the development of the Paschen-Back effect. The splitting of the beryllium doublet can be calcu lated exactly; for the energies of the longitudinal components we have:
here A is energy difference between the doublet levels in the absence of a field. The intensities of these components are respectively given by where I is the intensity of the weaker component of the doublet.
The splittings in wave-lengths calculated from these formulae are plotted against the magnetic fields in fig. 7 (full curve). In reducing the plates of the Paschen-Back effect obtained experimentally, we generally determined only the difference of wave-lengths between the components, the results being plotted in fig. 7 in such a way that the points departed approximately equally from the theoretical curves. In one case (261,900 gauss), however, the wave-lengths of all the components of the splitting were directly deter mined by comparison with the lines of Be n doublet without field (super imposed on the same plate); the results of this measurement are indicated by full black circles.
As can be seen from fig. 7 , the discrepancy between our experimental results and the theory is well within the limits of experimental error, so that we can conclude that the theoretical formulae correctly describe the phenomenon up to the highest magnetic field used in our experiments.
The asymmetry predicted by the formula can, in fact, even be seen visually; thus for the largest splitting on the photograph (fig. 5 , Plate 2), it can be seen that the right-hand pair of more intense lines is slightly less split than the left-hand pair, which coresponds to the theoretical prediction, as is evident from the diagram (fig. 7) . are th e th eo retical curves, a n d th e circles ex p erim en tal p o in ts.
P. Kapitza, P. G. Strelkov and E. Laurman
We were not able to carry out a thorough investigation of the intensities of the components, but made microphotometric intensity curves which are compared in fig. 8 , with the theoretically predicted intensity relations. Although only qualitative comparison is possible, it can be seen that the experimental results are in agreement with the theoretical predictions. The intensity of the extreme components rapidly diminishes with increase of magnetic field, while the inner components approach equal intensities, the ratio of intensities of the components of the original doublet being 1 : 2, as can be seen from the microphotometer curve. The theoretical value of the intensity ratio of the central components to the weaker extreme com ponents is 2 0 . 1, and if the blackening of the plate is taken as a measure of intensity it will be seen that, allowing for the roughness of the method, the agreement of the experiment with theory is quite satisfactory. The initial stages of the Paschen-Back effect can be traced also with the zinc triplet 3P -3S; in fig. 46 (Plate 1) it can even be observed visually that the line 4722 A of the triplet is not symmetrically split, the separation between the longer wave-length components being greater than between the shorter wave-length components. Measurement showed that these separations were 1-5 and 1-3 A respectively, which agree very well with an approximate calculation, kindly made by Dr L. D. Landau, predicting separations 1-55 and 1-31 A for the particular magnetic field used. + 0-01 + 0-02 -0 -0 4 0-00 -0 -0 6 -0 0 7 Summary 1. A method is described for studying the Zeeman and Paschen-Back effects in magnetic fields up to 320,000 gauss.
2. It is shown that the Zeeman splitting is within the limits of experi mental error proportional to the magnetic field and obeys the theoretical predictions previously verified only in weaker fields.
3. In strong magnetic fields we were unable to discover any displacement of the centre of gravity of the splitting pattern, which again is in agreement with the theoretical prediction.
4. The Paschen-Back effect was studied in fields up to 300,000 gauss on a beryllium doublet, and it was shown that the splitting accurately followed the theoretical predictions, and that the intensities of the various com ponents agreed qualitatively with the theory.
5. The initial stages of the Paschen-Back effect were also observed for a zinc triplet 3P -3S. The Zeeman and Paschen-Back effects in magnetic fields 15 T h e p rim a ry d eco m p o sitio n o f e th a n e , a n d th e re a c tio n betw een e th a n e a n d n itric oxide In a recent paper published in this journal, Staveley (1937) has shown th at the effect of adding nitric oxide to ethane is to reduce the rate of increase in pressure when the gas is heated at constant volume in the neighbourhood of 600°. Assuming that the nitric oxide remains sensibly unchanged, he concludes that the effect of the addition of this gas is to inhibit the primary decomposition of the ethane, and explains this on the supposition th at the nitric oxide removes free radicals, which initiate reaction chains. In the present paper we shall show that some important facts have been overlooked, and particularly that nitric oxide itself reacts with ethane at a rate which is comparable with that of the primary decomposition process.
